A new phenylethanoid, 2-(3,4-dihydroxyphenyl)ethyl-,2-O-(6-deoxy-α-L-mannopyranosyl-,4-(3,4-dihydroxyphenyl)-2propenoate)-β-D-glucopyranoside (3) and a novel monoterpene alkaloid, 5-hydroxy-skytanthine hydrochloride (8), along with eleven known compounds have been isolated from Tecoma stans Juss. fruits and flowers. 4-O-E-Caffeoyl-α-Lrhamnopyranosyl-(1'→3)-α/β-D-glucopyranose (1), E/Z-acetoside (2), isoacetoside (4), rutin (5), luteolin 7-O-β-Dneohespridoside (6), luteolin 7-O-β-D-glucopyranoside (7) and sucrose (9) were isolated from the fruits, while luteolin 7-O-β-D-glucuronopyranoside (10), diosmetin 7-O-β-D-glucuronopyranoside (11), diosmetin 7-O-β-D-glucopyranoside (12), diosmetin 7-O-β-D-glucuronopyranoside methyl ester (13), and 2 from the flowers. Their structures were determined on the basis of chemical and spectroscopic evidence. It was found that the extract of T. stans fruits and compounds 1, 2 and 4 possess strong scavenging activity to DPPH, peroxyl and hydroxyl radicals. Unlike 4, which potentially induced NO generation in bacterial lipopolysaccharide-stimulated Raw murine macrophages (RAW 264.7), the extract, and compounds 1, 2, and 8 significantly inhibited NO generation. The extract, and compounds 2 and 4 exhibited a cytotoxic effect on human hepatocarcinoma cells (Hep-G2), while the extract, 2 and 8 were potent growth inhibitors of human breast carcinoma (MCF-7). Also, 1 and 2 were remarkable growth inducers of human lymphoblastic leukemia cells (1301), whereas the extract, 2, and 8 stimulated the macrophage proliferation rate. Tecoma stans (L.) Juss. ex HBK (Bignoniaceae) has different synonyms including Bignonia stans (L.), Tecomella undulata, Gelseminum stans (L.) Kuntze, and Stenolobium stans (L.) Seem [1]. It is traditionally known as ginger-thomas, roble Amarillo, tronadora, saico Amarillo, bois caraibe, trumpet flower, yellow-elder and many other common names. The genus Tecoma contains about 16 species, which are distributed throughout tropical and subtropical areas. Iridoids [2], phenylethanoids [3] and flavonoids [4] have been previously identified in the genus Tecoma, while monoterpene alkaloids [5], tannins and flavonoids [6] have been identified from T. stans. Extracts of T. stans have been used in traditional medicine, particularly in Mexico and Brazil, as a hypoglycemic and for the control of diabetes [7] . T. stans extracts proved to possess anti microbial [8] and analgesic potential [9] , as well as being useful for inhibition of induced-platelets aggregation [10] and reduction of diabetes mellitus [11] . The present study is a novel trial to compare the constituents of the aqueous ethanolic extracts of fruits and flowers, and to investigate the antioxidant and anti-proliferative significance of the isolated constituents.
caffeoyl diglycoside ester (1) , three phenylethanoids (2) (3) (4) [12, 13] , a monoterpene alkaloid (8) , a disaccharide (9) [14] , and seven flavonoid O-glycosides (5) (6) (7) (8) (9) (10) (11) (12) (13) [6, 15, 16] . In addition to the E/Zacetoside (2) , only four compounds (10) (11) (12) (13) were identified from the flowers, while these were also isolated, along with other metabolites (1) (2) (3) (4) (5) (6) (7) (8) (9) , from the fruits [5, 6] . Compound 8 gave a pink-red color with sulfuric acid spray reagent, which was similar to that of the previously isolated monoterpene alkaloid, 5-hydroxyskytanthine, isolated from Tecoma stans fruits and leaves [5] . It was expected to be a hydrochloride salt of the monoterpene alkaloid due to its high polarity, its solid form, and precipitation as a white precipitate of BaCl 2 on addition of BaSO 4 to its aqueous solution. Its 1 H and 13 C NMR spectroscopic data were assigned according to the δ-and J-values of each signal and by comparison with the corresponding ones of the structurally related compound 5-hydroxy-skytanthine [6] . Compound 8 exhibited more or less the same splitting patterns, and δ-and J-values for the 1 H-and 13 C-resonances of the five-member ring as had been reported before for 5-hydroxy-skytanthine (Table 1) . The hydrochloride salt was deduced from the large upfield shifts of C-1, C-3, C-5 and C-9 resonances by about 3-6 ppm, and the downfield shift of C-4 (~ + 1 ppm) relative to those of 5-hydroxy-skytanthine, as well as the downfield shifts of H-1 and H-3 in comparison with the corresponding reported values. All other 1 H and 13 C resonances were confirmed through 1 H-1 H COSY, HMQC and HMBC correlation spectra of direct and long-range coupling. Accordingly, 8 was identified as 5-hydroxy-skytanthine hydrochloride, in agreement with its positive FAB-and ESI-MS analysis, whereby a base peak at m/z 184.3 was assigned to the positive quaternary salt due to the loss of the chloride anion.
In oxidative stress, excess reaction oxygen species (ROS) and nitrogen oxide species (RNS) result in DNA damage, which contributes to tumor initiation and promotion that might lead to carcinogenesis [18] . Consequently, radical scavenging represents an effective strategy in preventing tumor initiation and promotion. The results showed that the fruit extract is a strong scavenger of the artificial radical DPPH, as indicated by the low SC 50 value ( Table 2 ). Moreover, 1µg/mL of the extract possesses a multiple-folded antioxidant capacity higher than that of 1µM of Trolox, a known antioxidant, against the physiological radicals ( Table 2) .
Compounds 1 and 2 are extremely efficient in bleaching DPPH radicals, as concluded from their low SC 50 values compared with ascorbic acid (SC 50 6.8 µM). In contrast, 8 was an inactive scavenger of DPPH. Additionally, except for 8, all the tested compounds possess a strong antioxidant capacity in a sequence order of 1>2>4 and 1>4>2 against peroxyl and OH • radicals, respectively ( Table 2 ). LPS activates mononuclear phagocytes (monocytes and macrophages) to generate NO, and to secrete cytokines [19] . To find whether either the fruit extract or the compounds can inhibit the LPS-induced NO generation, we stimulated Raw 264.7 murine macrophages with bacterial LPS, to enhance inducible NO synthase (iNOS) expression and NO production. Measuring the nitrite levels (as a NO index) in macrophage culture ( Figure 1 ) indicated that, the extract inhibited the generated NO by 22 % (P < 0.05) and that 1, 2 and 8 were very strong inhibitors (P < 0.001), with inhibition percentages of 61.3, 54.0, and 40.2%, respectively. Interestingly, 4 exhibited a powerful induction of NO generation (P < 0.001) to an extent of 175.3 % of the NO level generated by LPS in macrophages. In an additional experiment, we investigated the effect of 4 on the NO level in the absence of LPS treatment, and we found that 4, alone, significantly induced NO production to 139.2 % (P < 0.01) of the normal NO level (data not shown). In addition to the normalization of the nitrite concentration to the cellular protein content, we also explored the effect on macrophage proliferation. After 24 h of treatment, Raw 264.7 growth was stimulated by the extract, and 2 and 8 by 134.7, 125.9 and 111.4 % of the control cells, respectively, as represented by the broken line in Figure 1 . As shown in Fig. 2a , the treatment of Hep-G2 cells with fruit extract depressed remarkably the cell growth (IC 50 36.4 µg/mL), but it had a lower cytotoxic effect against MCF-7 cells (IC 50 73.8 µg/mL). However, the cytostatic effect of the extract on 1301 cells was unchanged, regardless of the dose increment, with a relatively higher growth baseline than untreated cells. Treatment with 1 resulted in an insignificant change in the growth of both Hep-G2 and MCF-7 cells (IC 50 98.4 and 113.11 µM, respectively) and a strong lymphoproliferative activity, as indicated by the growth rate of 1301 cells, which expanded to 2.2-fold of the control at the highest examined dose (Figure 2b ). Among the tested compounds, 2 was the highest growth inhibitor of MCF-7 cells, in a dose-dependent manner (IC 50 23.9 µM), and it also exhibited a cytotoxic effect against Hep-G2 cells (IC 50 63.1 µM, Figure 2c ). On the contrary, it showed a similar growth stimulatory activity as 1, up to 2.1-fold of the control 1301 cells.
Unlike its effect on MCF-7 and 1301 cells, 4 was the most cytotoxic compound to Hep-G2 cells (IC 50 40.1 µM, Figure 2d ). Treatment with 8 was effectively anti-proliferative against MCF-7 cells (IC 50 33.06 µM). However, it had no noticeable effect on the growth of Hep-G2 and 1301 cells (Figure 2e ).
Although different activities of T. stans extract have been investigated, the anti-cancer and the antioxidant activities of the fruit extract had not been explored. To our knowledge, this work is the first trial using T. stans fruit extract to investigate its activities in radical scavenging and in cytotoxicity against hematopoietic and solid tumor cell lines. The strong antioxidant and anti-cancer activities of T. stans fruit extract may be attributed to the corresponding activities of the extract constituents. There is a lack of biological studies on the Z-form and on the mixed E/Z-form of acteoside, while the E-form has been regularly investigated and for different biological activities. Isoacteoside and acteoside (E-isomer) are phenylethanoid glycosides and have been previously identified as strong antioxidants [20] , and as protectors of induced-lipid peroxidation [21] .
These activities were attributed to the number of phenolic hydroxyl groups, as both compounds possess four such groups [21] .
In recent investigations, 2 (E-isomer) was found to have antiinflammatory activity; the compound significantly inhibited NO, iNOS protein, iNOS mRNA, prostaglandin-E, cyclooxygenasis and TNF-alpha in LPS-stimulated Raw 264.7 macrophages via its selective suppression of AP-1 activation [22] . Similarly, 4 was reported to inhibit nitrite accumulation in LPS-stimulated J774.1 cells [23] . Compounds 2 and 4 were reported to possess antiproliferative activity against B16F10: murine melanoma cells [24] , A7r5: rat aortic smooth muscle cells [25] , and HL-60 (promyelocytic leukemia cells associated with the induced internucleosomal breakdown of chromatin DNA, characteristic of apoptosis and with DNA fragmentation [26] ). The antioxidant activity of 1, 2 and 4 may be attributed to the caffeoyl moiety and the multihydroxyl groups. Attempts to correlate structurally the anti-proliferative properties of 2 and 4, in comparison with their methanolysis products, led to the suggestion that the 3,4-dihydroxyphenethyl alcohol group might be more responsible for the activities than the caffeoyl group [24] . Another report suggested that the hydroxyl groups of the aromatic rings appear to play an essential role in the antiproliferative effects of acteoside [25] .
The structural difference between 1 and 2 is the presence of a mixture of E/Z vs. E-caffeoyl, plus phenylethyl substitution in 2. This difference seems to have no influence on their scavenging activity against DPPH and peroxyl; and inhibitory activity of NO release. However, it inhibited the ability of 2 to scavenge OH • , and it remarkably enhanced its cytotoxicity to MCF-7 and Hep-G2 cells. On the other hand, the presence of O-E/Z-caffeoyl in 2 and O-E-caffeoyl in 4, enhanced the scavenging activity of 2 against DPPH and peroxyl radicals, but not against HO • . However, this structural difference surprisingly led to a dramatic induction of NO release from macrophages after treatment with 4. This difference led to a high cytotoxicity of 2 against MCF-7 cells compared to a low cytotoxicity of 4. Since 2 is a mixture of two stereoisomers, its potential antioxidant and anti-proliferative activity may be due to either a separate role of the Z-form or to a synergistic effect between both of the geometrical isomers, using the benefit of their variable steric configuration.
Many monoterpene alkaloids have been reported to have anti-cancer [27] , but not antioxidant activity, as observed also with 8. This may be due to the quaternary positive-charged nitrogen in the heterocyclic ring, which suggested that the NO inhibition is not due to the direct scavenging of 8, but may be due to its inhibition of the iNOS biosynthesis and/or expression.
Taken together, we successfully extracted T. stans fruits and flowers, which afforded 13 compounds. The two newly identified phenylethanoid (3) and monoterpene alkaloid (8) were extracted from the fruits. Investigating the antioxidant and anti-cancer activity of the fruit extract, and compounds 1, 2, 4, and 8, indicated that, except for 8, all possessed a strong scavenging activity to DPPH, peroxyl and hydroxyl radicals. Unlike 4, which potentially induced NO generation in bacterial LPS-stimulated macrophages, the extract, and compounds 1, 2, and 8 significantly inhibited NO generation. The extract, 2 and 4 are cytotoxic to Hep-G2 cells, while the extract, 2 and 8 were potent growth inhibitors of MCF-7 cells. Compounds 1 and 2 were remarkable growth inducers of 1301 cells, whereas the extract, 2, and 8 stimulated the macrophage proliferation rate. In conclusion, the novel compound 8 is effective as an anti-proliferative against MCF-7 and as a NO inhibitor, whereas 2 is a multi-functional antioxidant and anti-proliferative agent against both the solid tumor cell lines Hep-G2 and MCF-7.
Experimental
General: The NMR spectra were recorded at 300 and 500 ( 1 H), and 75 and 125 ( 13 C) MHz, on Varian Mercury 300 and INOVA-500 machines. The δvalues are reported as ppm relative to TMS in one of DMSO-d 6 , CDCl 3 , pyridine-d 5 and acetone-d 6 . CI-, and ESI-MS analyses were recorded on SSQ 7000 and double focusing sector field MAT 95 mass spectrometers (Finnigan, Bremen, Germany). IR spectra were recorded on a Bruker Vector 22 instrument. UV analyses for pure samples were obtained on a Shimadzu UV 240 spectrophotometer. Optical rotation values were measured using an ATAGO POLAX-D, No.936216 polarimeter (AEOGO Co. Ltd., Japan) with a 1 dm cell (ATAGO 901048). Extraction and isolation: Powdered, air-dried fruits (500 g) and flowers (200 g) of T. stans were separately extracted with 80% EtOH (4 X 2.5 and 4 X 1.5 L, respectively) under reflux (70ºC). After recovery of the solvent, the residue of the fruit extract (120 g) was loaded onto silica gel as a concentrated viscous MeOH solution and then applied to the top of a preliminary column (250 g silica gel 60, Sigma, 28-200 mesh, Ф 4.0 X 110 cm,) after evaporation of the MeOH. Elution was with light petroleum (40-60°C), light petroleum-CHCl 3 , and then CHCl 3 -MeOH mixtures, with gradual increase in polarity, up to pure MeOH On the basis of comparative TLC and PC with the use of UV-light, 10% H 2 SO 4 and Naturstoff spray reagents for detection, the individual 96 fractions (each 250 mL) were collected into nine collective fractions (I-IX). Fraction III (2.25 L of 20% MeOH in CHCl 3 , 220 mg), which exhibited a major component on TLC, was crystallized from hot CH 3 Cl to give needle crystals of 8 (150 mg). Two major blue fluorescent spots were detected in fraction IV (3.5 L of 30-40%, 3.6 g), which was subjected to repeated CC on Cellulose and then Sephadex LH-20 with 20-60% aqueous EtOH as eluent. This fractionation resulted in pure samples of 2 (2.3 g) and 3 (45 mg). Fraction V (2.5 L of 40-45%, 2.1 g) was fractionated on a Sephadex column eluting with 30-60% aqueous EtOH to give three mean subfractions. Each subfraction was then separately chromatographed on Sephadex with MeOH for elution, whereby pure samples of 4 (68 mg), 7 (29 mg) and 6 (15 mg) were isolated from the 1 st -3 rd subfractions, respectively. Pure samples of 1 (64 mg) and 5 (32 mg) were isolated from fraction VI (3.5 L of 50-65%, 1.7 g) using a Sephadex column and EtOH for elution (twice). The concentration of fraction VII (3.25 L of 70-75% MeOH as eluent) gave 9 (82 mg) as a white precipitate. The extract of the flowers (50 g) was suspended in 20% aqueous MeOH and desorbed on a microcrystalline Cellulose flash column to give four collective fractions A-D. Fraction B (20-35%, 3 g) was chromatographed twice on a Sephadex LH-20 column to give 2 (54 mg), by using EtOH for elution.
Consecutive CC on Sephadex LH-20 (n-BuOH satd with water for elution) of the collective fraction C (40-50% MeOH, 280 mg) gave rise to pure samples of both 10 (27 mg) and 11 (18 mg 
2-(3,4-dihydroxyphenyl)ethyl-,2-O-(6-deoxy-α-Lmannopyranosyl-, 4-(3,4-dihydroxyphenyl)-2propenoate)-β-D-glucopyranoside (3)
Off-white amorphous powder. On complete acid hydrolysis, glucose and rhamnose were obtained in the aqueous phase together with caffeic acid in the organic phase (Comp-PC with authentic samples).
5-Hydroxy-skytanthine hydrochloride (8)
Cream-white amorphous powder. Table 1 . 13 C NMR (DMSO-d 6 ): Table 1 . HMBC (DMSO-d 6 ): Table 1 .
